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The  work  described  in  this  report  was  accomplished  in  the  Electro¬ 
chemistry  group,  Materials  Sciences  Laboratory,  Lockheed  Missiles 
&  Space  Company,  Palo  Alto,  California,  for  the  Vehicle  Power 
Branch,  Air  Force  Aero  Propulsion  Laboratory,  Research  and  Technology 
Division,  Uhited  States  Air  Force,  Wright-Patterson  Air  Force  Base, 
Ohio,  on  Contract  No.  AF  33(657)- 11709,  Task  81730U-20.  Mr. 

W.  S.  Bishop  of  the  AF  Aero  Propulsion  Laboratory  is  project  engineer 
for  the  project.  This  report  is  being  published  and  distributed 
prior  to  Air  Force  review.  The  publication  of  this  report,  there¬ 
fore,  does  not  constitute  approval  by  the  Air  Force  of  the  findings 
or  conclusions  contained  herein.  It  is  published  for  the  exchange 
and  stimulation  of  ideas. 
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This  experimental  investigation  on  high-energy  battery  development 
hat  the  objective  of  developaent  of  a  cell  capable  of  meeting  a 
specific  space  flight  application.  Cells  with  lithium  anodes  and 
cupric  fluoride  or  cobalt  fluoride  cathodes  are  to  be  Investigated 
on  this  pragma.  Significant  goals  are  a  battery  discharging 
between  22  and  30  volts  within  a  teaperature  range  of  30  to  100°P 
and  delivering  300  watt  hour/ pound.  The  steady  discharge  rate 
Is  lb.4  aaperes  with  an  additional  12  aapere  load  inposed  for  10 
minutes  every  90  alnutes.  A  recharge  and  additional  discharge  Is 
required  from  the  battery. 

Presently  available  primary  batteries  will  deliver  about  100  watt 
hour/pound  during  discharges  suitable  for  space  applications.  This 
is  about  $0  percent  of  the  theoretical  energy  available  from  this 
system  (AgO-Zn) .  The  theoretical  energy  of  the  Ll-CuFp  couple  Is 
JU6  watt  hour/pound  and  of  the  LiCoF^  couple  970  watt  hour/pound. 
Achievement  of  the  ultimate  goals  of  this  project  would  triple  the 
useful  flight  time  of  space  vehicle  using  a  primary  battery  power 
system,  or  allow  the  equivalent  increase  in  instrument  load  weight. 

The  electrolyte,  anode  and  cathode  for  this  system  have  been 
investigated  and  cells  have  been  designed,  built,  and  tested  on 
the  basis  of  experimental  data. 

2.0  SIMfARY 

Solutions  of  sodium  hexafluorophosphate  (NaPFg)  in  propylene 
carbonate  or  butyrolactone  have  conductivities  (  6  x  10“ 3  ohm~l 
cm~l  and  13  x  10“ 3  ohm“l  cm”*)  sufficiently  high  to  make  them 
useful  in  cells.  Stainless  steels  and  aluminum  resist  corrosion 
in  these  solutions  and  may  be  used  as  materials  of  construction. 
Polyolefin  and  polyester  non-woven  fabrics  are  stable  and  may  be 
used  as  separators. 

Lithium  anodes  in  propylene  carbonate  -  NaPFg  show  polarization 
increases  of  less  than  200  millivolts  during  a  100  hour  discharge 
at  10  ma/in^  and  utilization  of  over  85  percent  of  active  material. 
Cupric  fluoride  electrodes  may  be  discharged  at  1  ma/in2  and  utili¬ 
zation  of  30  percent  obtained  with  approximately  1.5  volts  polari¬ 
zation. 

Electrode  test  results  were  used  to  design,  construct  and  test 
cells  with  lithium  anodes  and  cupric  fluoride  cathodes.  A  cell 
in  this  group  completed  33  90-minute  cycles  (b5  hours)  to  a  2.0 
volt  endpoint  during  the  pulse  discharge.  This  was  equivalent 
to  13.5  percent  utilization  of  CuF2<  This  cell  delivered,  to 
the  2.0  volt  endpoint,  10  watt  hour/pound  of  actual  electrode 
and  electrolyte  used  in  the  test. 
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3.0 

3.1 

3.1.1 


SXPRXMSVTAL  WORK  AID  D19CUBS10H 
Electrolyte  Studies 


Properties  of  Propylene  Carbonate  and  Butyrolaetone 
Solutions 

Solubility  and  conductivity  measurements  were  made  of 
lithium  tetrafluoroborate  (LiBfy)  and  lithium  hexafluoro- 
phosphate  LiPFg  dissolved  In  butyrolaetone,  propylene 
carbonate,  and  nltromethane.  A  summary  of  conductivities 
of  saturated  solutions  of  these  salts  with  KaFPg  as  a 
comparison  Is  given  in  Table  1. 


TABLE  1 

Conductivities  of  Saturated  Salt  Solutions  In  Butyrolaetone, 
Propylene  Carbonate,  and  Hltromethane  at  24°C 


Salt 

Solvent 

Concentration 

Moles/Liter 

Specific  Conductivity 
Ohm"*  cm"* 

libf4 

Butyrolaetone 

0.25 

3.40  x  10-3 

LiPFfc 

Butyrolaetone 

0.22 

4.07  x  10-3 

NaPFg 

Butyrolaetone 

1.14 

13.40  x  10-3 

LiBFj, 

Propylene  Carbonate 

0.42 

2.54  x  10-3 

lipf6 

Propylene  Carbonate 

0.55 

4.49  x  10"3 

NaPFg 

Propylene  Carbonate 

0.79 

6.03  x  10-3 

LIBF4 

Nltromethane 

0.11 

O.23  x  10-3 

LiPF6 

Nltromethane 

0.23 

6.78  x  10-3 

Nltromethane  haB  been  eliminated  as  an  electrolyte  solvent 
because  of  instability.  The  lithium  salts  offer  no  advan¬ 
tages  over  NaPF6  in  propylene  carbonate  and  butyrolaetone 
and  no  further  experimentation  is  Intended  with  the  lithium 
salts. 
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3.1.2  Properties  of  Propylene  Carbonate  -  Sodlue  Hexafluoro- 

pboeptaate  Solutions 

The  conductivity  of  RaFFg-propylene  carbonate  solutions 
with  varying  concentration  of  RaPPg  was  expe r inental ly 
determined.  A  maxlmus  conductivity  is  obtained  at  less 
than  saturation  for  AlClvLiCl-propylene  carbonate  and 
it  was  possible  that  RaPrg  solutions  would  behave  slmi- 
larly.  Figure  1,  which  plots  the  results  of  these  tests, 
shows  nexliBi  conductivity  is  obtained  at  naxlnun  salt 
concentration.  Evidently,  the  solubility  of  the  KaPP^  is 
so  low  that  the  viscosity  of  such  solutions  is  not  great 
enough  to  affect  conductivity  adversely. 

The  effect  of  temperature  upon  conductivity  of  MaPFg- 
propylene  carbonate  solutions  is  shown  for  two  JlaPFg 
concentrations  in  Figure  2.  A  linear  tesqperature- con¬ 
ductivity  relationship  exists  over  the  range  0  -  65°C; 
an  increased  slope  is  observed  for  the  more  concentrated 
solution. 

The  resistance  of  materials  of  construction  to  attack 
by  a  propylene  carbonate  -  NaP7&  solution  vas  determined 
by  storing  samples  of  the  material  in  the  electrolyte  at 
l65°F  and  measuring  the  weight  change.  There  vas  darken¬ 
ing  of  the  electrolyte  in  all  cases  after  12  days  storage 
and  the  glass  storage  bottle  vas  attacked.  The  darkening 
is  probably  associated  with  decomposition  of  propylene 
carbonate,  but  the  products  and  effect  on  cell  operation 
have  not  been  determined.  Table  II  summarizes  the  results 
of  this  test  after  12  days  and  after  22  days  of  storage. 
Stainless  steel  and  aluminum  appear  suitable  for  use  in 
contact  with  propylene  carbonate  -  NaPFg  electrolyte  while 
the  use  of  nickel,  copper,  and  silver  are  marginal. 

3.1*3  Properties  of  Butyrolactone  -  Sodium  Hexafluorophosphate 

Solutions 

The  effect  of  concentration  of  NaPffc  in  butyrolactone  on 
the  conductivity  of  these  solutions  is  shown  in  Figure  3. 

As  with  propylene  carbonate- NaPFg  solutions,  no  maximum 
is  observed,  but  the  slope  is  quite  low  at  maximum  concen¬ 
tration.  The  conductivity  of  the  saturated  butyrolactone 
solution  is  almost  twice  that  of  the  propylene  carbonate 
solution. 

The  effect  of  temperature  on  conductivity  of  butyrolactone 
EaPFg  solutions  is  shown  in  Figure  k.  The  relationship  is 
linear  between  0  and  55 °C  with  a  steeper  slope  for  the  more 
concentrated  solutions. 
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Hard  Solder  Ag  Cu  Wire 


The  stability  of  Materials  of  construction  in  butyro- 
laetooe-IaPFg  slsetrolyta  at  l£5°F  was  determined  in 
tbs  saw  aannsr  as  for  propylene  carbonate  solutions 
and  is  suHnarissd  in  Table  lilt  Except  for  the  solution 
containing  the  soft  solder  sample  which  becane  a  dark 
brown,  all  solutions  were  quite  dark  and  the  glass 
bottle  was  attacked. 

Solution  containing  no  aetal  was  also  barkened  when 
stored  in  glass  or  polyethylene.  Degradation  of  the 
solvent  was  quite  severe  and  in  sane  cases  resulted  in 
gelling,  probably  becuase  of  silicate  dissolution.  The 
effect  of  the  solvent  degradation  on  cell  performance 
has  not  been  determined  but  alternate  electrolytes  should 
be  more  thoroughly  investigated.  The  corrosive  effects 
'of  the  butyrolactone  solutions  appear  greater  than  the 
propylene  carbonate  solutions  although  stainless  steels 
are  quite  inert  and  aluminum  resists  attack  sufficiently 
to  be  useful. 

.2  Lithium  Polarisation  Tests 


Test  cells  were  assembled  with  two  lithium  electrodes  and  the 
cells  driven  by  a  constant  current  power  supply,  making  one 
electrode  anodic  and  one  cathodic.  The  result  of  tests  with 
NaFFg-propylene  carbonate  electrolyte  at  10  ma/in^  are  shown 
in  Figure  5.  The  electrodes  had  sufficient  lithium  for 
approximately  120  hours  of  discharge  at  this  rate.  Approxi¬ 
mately  90  percent  utilisation  vsb  achieved  with  polarization 
levels  below  200  millivolts.  The  polarization  on  the  graph 
is  the  Increase  in  polarization  from  the  initial  closed 
circuit  reading.  The  change  between  anode  and  reference  at 
open  circuit  conditions  and  initial,  reading  contains  both 
the  activation  polarization  of  the  electrode  and  the  IR  drop 
caused  by  solution  resistsmee  between  anode  and  the  reference 
electrode  and  these  values  were  not  determined. 

Similar  polarization  tests  were  made  but  with  nitromethane- 
AICI3-LICI  electrolyte.  The  open  cells  were  discharged  in  an 
inert  atmosphere  glove  box  and  there  was  some  loss  of  solvent 
which  was  replaced  as  needed  to  maintain  electrolyte  level. 
Figure  6  shows  the  chsuige  in  potential  with  time.  The  end  of 
the  discharge  vhere  polarization  increased  rapidly  was  obtained 
from  a  recorder  tape  that  measured  cell  voltage  only.  The 
lithium  present  on  the  electrodes  as  weighed  was  sufficient 
for  lbO  hours  of  discharge  at  the  10  ma/in2  rate-  The  dis¬ 
crepancy  with  that  actually  obtained  is  probably  the  result 
of  inaccuracies  in  weighing  in  the  glove  box. 
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(5)  Ceil  on  open  circuit  over  weekend  during  discharge 
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(3)  Aluminum  expended  metal  for  anode  grid 

(5)  Cell  on  open  circuit  over  weekend  during  discharge 
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Periodical!/  during  the  discharge  of  these  cells*  the  load 
mss  increased  in  steps  to  obtain  polarisation  at  higher 
discharge  levels  and  then  decreased  in  similar  steps  . 
Polarlsstlon  curves  obtained  after  4*  49*  and  100  hours  of 
discharge  are  shown  on  Figure  7*  The  decrase  In  polarisation 
between  49  and  100  hours  of  discharge  occurred  with  both 
cells  and  is  shown  by  the  points  on  Figure  6.  These  data 
indicate  that  polarisation  of  less  than  200  Millivolts  is 
obtained  with  short-tine  higher  current  rates  during  a 
significant  part  of  the  discharge. 

The  driven  cell  tests  require  a  reversible  cathode  to  prevent 
electrolyte  degradation.  With  the  HaPFg- propylene  carbonate 
electrolyte,  cathode  polarisation  started  at  1.0  volt  and 
Increased  to  over  5.0  volts  at  the  end  of  the  test.  A 
slnilar  cathode  polarisation  was  over  10.0  volts  after  24 
hours  and  the  test  was  discontinued. 

The  deposition  of  lithlun  or  sodium  from  the  solution  as  the 
cathodic  reaction  evidently  is  not  readily  accomplished  and 
potentials  are  reached  which  result  in  solvent  decomposition. 

From  the  results  obtained  with  nitromethane  and  propylene 
carbonate  electrolytes,  it  appears  that  the  polarization  for 
the  anodic  reaction 

Li  *4  Li+  +e 

at  current  densities  of  10  ma/in2  or  less  will  not  seriously 
affect  cell  operation.  Utilization  of  85-95  percent  of 
active  material  may  be  expected  at  these  current  densities. 
Tests  with  butyrolactone  electrolyte  at  current  densities  of 
1  ma/in2  agree  with  these  conclusions.  The  lithium  electrode 
appears  sufficiently  developed  at  this  point  that  additional 
effort  may  be  more  fruitfully  applied  to  cathode  development. 

Cathodic  Polarization  Tests 

Polarization  of  Cupric  Fluoride  Electrodes 

Copper  fluoride  is  a  poor  electronic  conductor;  con¬ 
sequently,  the  utilization  characteristics  of  a  thick 
massive  copper  fluoride  cathode  in  a  cell  would  be 
quite  poor.  Generally,  cathodic  materials  used  in 
electrochemical  cells  are  finely  powdered  to  Increase 
the  surface  area  and  mixed  with  an  electronic  conductor 
to  increase  the  points  at  which  electrons 'can  be 
supplied  for  the  cathodic  reaction.  Another  consideration 


in  mahlig  the  electrode  is  the  mechanical  strength 
that  will  Maintain  the  shape  of  the  electrode  and 
the  contact  between  reaction  sites  and  current 
carrying  grid. 

Cathodes  for  this  contract  have  been  fabricated  by 
cold  pressing  of  dry  powder,  by  pasting  the  cathode 
Mixture  with  added  colloidal  graphite  suspended  in 
Mineral  spirits  as  a  binder,  and  by  pasting  a  cathode 
Mixture  containing  finely  powdered  thermoplastic  resin, 
drying,  and  pressing  above  the  flow  point  of  the  resin. 

All  Mixes  other  than  100  percent  Cu?2  were  ball  milled 
for  l£  hours.  In  some  cases,  CuP2  as  received  was  sieved 
through  100  mesh  screen.  Pasted  electrodes  were  vacuum 
dried  at  85°-10O°C  for  four  hours.  Pressed  electrodes 
were  placed  in  a  steel  die  in  an  inert  atmosphere,  the 
assembly  sealed  In  aluminum  foil  and  removed  from  the 
inert  atmosphere.  Pressure  was  applied  in  a  hydraulic 
press.  Uniform  distribution  of  dry  material  was  diffi¬ 
cult,  and  this  resulted  in  non-uniform  pressure  distri¬ 
bution  in  the  pressing  operation,  particularly  with 
thin  electrodes,  although  some  spots  that  maintained 
good  adhesion  and  cohesion  during  discharge  were  found 
on  these  electrodes. 

Cathodes  were  assembled  with  an  anode  of  sheet  lithium 
rolled  on  a  silver  expanded  metal  grid  and  a  lithium 
reference  electrode  centrally  situated  between  the 
electrodes.  Glass  fiber  paper  was  used  to  separate  the 
electrodes  in  the  solution.  Propylene  carbonate  -  NaPFg 
electrolyte  was  used  for  all  tests  unless  indicated 
otherwise. 

A  summary  of  polarization  tests  of  C11F2  cathodes  Is  shown 
in  Table  II.  The  first  four  runs  were  made  with  heavy 
electrodes  which  cracked  badly  during  handling  and 
assembly.  Microscopic  examination  of  the  100  percent 
CuF2  electrodes  showed  crystals  of  copper  which  indicated 
complete  reduction  of  CuF2  to  copper  during  discharge. 

Pasted  electrodes  performed  somewhat  better  than  the  cold 
pressed  electrodes.  Disassembly  of  these  test  cells 
showed  the  cathode  mix  to  be  swollen  and  loosened  from  the 
grid.  Electrodes  with  best  adhesion  (#29  vs  #26)  developed 
best  polarization  for  equivalent  time.  Resin  bonded  elec¬ 
trodes  were  made  to  improve  adhesion.  These  electrodes 
did  not  swell  as  did  the  pasted  electrodes  but  adhesion  to 
the  grid  was  poor  and  cathode  nix  could  be  flaked  from  the 
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3.3.2 


«fld;  Percent  polyethylene  bonded  cathodes 

had  too  hlfh  a  resistance  to  sustain  discharge  but  the 
results  obtained  from  the  0.4  percent  and  the  0.75  per- 
r*fln  eontent  cathodes  were  favorable.  Cathodes 
with  0.4  percent  polyethylene  binder  were  selected  for 
cell  tests  with  profile  discharge. 

Polarisation  of  Cobaltlc  Fluoride  Electrodes 

A  sumary  of  CoF,  electrodes  tested  Is  shown  on  Table  V. 
These  elect rodas^ere  pasted  with  graphite  In  mineral 
spirits  as  binder  by  the  same  technique  as  the  CuFp 
electrodes  and  suffered  similarly  from  poor  adhesion  and 
cohesion.  These  electrodes  did  not  recover  their  open 
circuit  voltage  to  the  sane  extent  the  CuFp  electrodes 

dischargeCUrr*nt  ***  interrupted  for  extended  tines  during 
irator  Stability  in  Electrolyte 


Various  separators  materials  that  had  been  found  useful  in 

&t  room  temperature  were  tested  for 
stabiilty  at  165°F.  These  materials  were  selected  from  those 
that  amid  driedmfree  ot-vmter  and  could  be  obtained  in  this 

f°ra7*  Tab*e  VI  which  Bumnarizea  the  tests  indicates 
that  polyester  (nACROW)  and  polyolefin  non-woven  fabrics  with¬ 
stand  exposure  to  the  electrolyte  and  should  be  useful  as 

“lth  porR,1'n'  “  o»tyoiMton. 

Cell  Tests 

f  V°rkf  tW°  Cella  were  designed  and  built  for 

An11?  dJ8chaJ8*  test.  The  current  profile  of  the  discharge 
\*9  followed  *y  ten  minutes  at  26^9 

STus«J?2r  ^  ^cle  continuously  repeated.  Lower  currents 
ere  used  for  the  discharge  but  in  the  same  relative  proportion. 

the  followiJI*  M8®abl*d  in  «PUt  polypropylene  cases  and  had 
the  following  construction. 

Anodes:  4,  Lithium  rolled  nn  Avrtan«1a^  aO..»  _ _ x  ...  .  . 


Cathodes : 


4,  Lithium  rolled  on  expanded  silver  sheet  with 
final  thickness  of  .020 

60£  CUFg,  39.6%  graphite,  0.k%  powdered  325  mesh 

Billed  *  houtB  «nd  then 
pasted  with  1>  acrylic  in  xylol  on  expanded  copper 
«*e«t.  Pressed  at  Jl/lxfi  at  300op.  6.6  g  cathode 

in  steady  Ctr0d* '  Dlscharge  density  0.7 
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Separator:  1  thickness  non  woven  polyester  (DACROH)  fabric 

electrolyte:  .65  a/e  XaPf£  In  Butyrolnctone  32  cc  in  #51;  15  cc 
In  #50  which  hod  plastic  spacer  blacks  added  to 
fill  the  cavity. 


Typical  discharge  cycles  for  Cell  #51  are  shown  on  Figure  8. 

Cell  51  bad  33  cycles  (U5  hours)  to  a  voltage  endpoint  of  2.0 
volts  during  the  high  current  pulse  and  Cell  #50,  23  cycles 
(3U.5  hours).  Approximately  13- 516  utilization  of  CuFg  was 
achieved  and  based  on  the  actual  weight  of  electrodes  and 
electrolyte,  the  energy  to  weight  relationship  was  10  wh/lb. 

The  major  factor  for  the  low  energy  to  weight  ratio  was  the 
poor  utilization  of  the  active  cathode  material.  A  smaller 
factor  at  this  stage  but  of  Importance  is  the  drop  from  open 
circuit  voltage  to  discharge  level  indicating  resistance  in 
the  electrolyte  and  in  the  cathode  structure.  The  cathode 
structure  and  the  electrolyte  deserve  further  study. 

Cell  and  Battery  Design 

Cell  design  calculations  based  on  17  ma/sq  inch  maximum  current 
density  were  reported  in  the  first  quarterly  report  of  this  con¬ 
tract.  The  polarization  measurements  of  lithium  anodes  are 
based  on  a  steady  discharge  rate  and  are  at  a  slightly  higher 
rate;  maximum  discharge  in  this  case  during  the  high  rate  pulse 
would  be  18.3  ma/sq  in.  A  nine-cell  battery  to  operate  between 
22  and  30  volts  would  allow  a  voltage  range  of  2.5  to  3.3  volts 
per  cell.  This  allows  830  millivolts  for  polarization  and  IR 
losses  in  the  cell  during  its  discharge  life.  Data  indicates 
that  not  over  200  millivolts  loss  will  be  incurred  by  polari¬ 
zation  of  the  lithium  anode,  allowing  600  millivolts  for 
cathode  polarization  and  IR  losses.  Previously  obtained  data 
indicated  that  the  minimum  resistance  with  a  separator  saturated 
with  electrolyte  for  nonaqueous  cells  is  about  5*0  sq.  in.  At 
the  pulse  discharge  rate  of  18.3  ma/sq  in.,  this  would  be  a  loss 
of  92  millivolts.  There  are  therefore  about  500  millivolts  that 
nay  be  lost  by  polarization  and  ohmic  losses  at  the  cathode 
within  the  allowable  cell  voltage  range. 

Current  densities  at  which  the  cathodes  are  tested  has  been 
dropped  from  10  ma/in2  which  was  a  design  goal  to  1  ma/in^ 
in  an  effort  to  get  test  data  for  a  100  hour  discharge. 
Decreasing  the  current  density  decreases  the  active  material 
needed  per  unit  area  -for  a  100  hour  discharge  and  consequently, 
the  relative  thickness.  This  decreases  ohmic  losses  in  the 


electrode  end  may  allow  a  higher  active  Material  ratio  in 
cathodes  where  the  active  Material  la  a  non-conductor  and 
oust  have  an  electronic  conductor  added.  Lover  current 
density  also  decreases  ohmic  losses  in  the  electrolyte.  The 
penalty  for  the  lover  current  density  is  increased  weight; 
additional  Inactive  grid  material  is  used,  a  greater  weight 
of  electrolyte  and  probably  a  larger  cell  case.  Calculations 
based  on  1  na/in^  current  density  show  that  75-100  vh/lb  of 
active  material,  grid  and  electrolyte  may  be  achieved.  Added 
active  materials  above  theoretical  capacity  to  the  extent  of 
10  percent  for  the  anode  and  100  percent  for  the  cathode  are 
included  in  the  calculation,  but  case  and  terminals  are  not. 
Current  densities  of  10  ma/in^  must  be  achieved  with  usable 
voltage  to  obtain  300  vh/lb. 

4.0  TRAVEL  AND  CONFERENCES 

No  conferences  were  held  during  the  period  covered  by  this  quarterly 
report . 

5.0  WORK  PROGRAM  FOR  THIRD  QUARTER 

The  general  areas  that  will  receive  effort  during  the  third  quarter 
are  fabrication  of  cathodes  to  sustain  higher  current  densities  and 
better  utilization  and  further  study  to  obtain  more  stable  electro¬ 
lyte  compositions. 

Improved  cathode  fabrication  will  be  attempted  by  further  study  of 
resin  binder  in  the  cathode  formulation  and  by  incorporation  of 
CuF2  in  a  porous  metal  matrix. 

Electrolyte  decomposition  ar.d  compatibility  studies  will  be  made 
at  room  temperatures  and  at  a  temperature  intermediate  to  l65°F. 

Second  generation  cells  will  be  designed  and  constructed  utilizing 
the  results  obtained  from  the  experimental  programs. 
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ISADS  DSSXOUnOMS  or  SEPARATOR  materials  tested 


m 

SOORCf 

93i*-4B  Filter  Pnpor 

Hurl taut  Pnpor 

Duron  B0U3 

Kondoll  Killo 

Duron  BMJU5 

Kondoll  Killo 

Duron  Bl3it6 

Killo 

Mllar 

E.  I.  duPont 

Nylon  Cloth  A3228/2 

Stem  A  Stem  Totarioo 

Nylon  535-1-2 

Huguot  Pobrioo 

Rjrlon  MI-SUL-SOFT1383ct 

Star  Woolan  Co* 

Orion  EM333 

Kondoll  Killo 

Quiatom  Typo  1 

Johns -Mon  villa  Co* 

Polyothylono  UtPN 

ESB-Reevoa  Corp. 

Polyothylono  P2200 

Notional  Filter  Nodia 

Polyothylono  HI-250 

Bol-Art  Products 

Polyp ropylono 

Atoorican  Fait  Co* 

Toflon  T-2310 

National  Filter  Hadla 

Dgmol  EK307 

Kondoll  Mills  Co* 

Ogmol  M-litCCL 

Kondoll  Mills  Co. 
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HBHttaams 

Cys  Air  Force 


9ll  Activities  nt  WFM1 
1  ASAT 

.  1  KBKXm  (Library) 

1  ASEP 
1  ASRMA 
6  APIP-2 
Other  Dept,  of  Defan—  Activities 
Army 

1  Dr.  Adolf  Fischback  (Chairman) 

Special  Purpose  Battery  Branch 
Power  Sources  Division 
U.S.  Army  Signal  BAD  Laboratory 

1  QASD  (RAE),  Rm  3E-1003 

The  Pentagon 
Attn:  Technical  Library 
Washington  23,  D.C. 

1  Commanding  Officer 

Diamond  Ordnance  Fuze  Laboratory 
Attn:  Library  Rm  211,  Bldg.  92 
Washington  23,  D.C. 

1  *  U.S.  Army  Signal  BAD  Laboratory 
Attn:  Mr.  P.  Bappaport 
Fort  Monmouth,  New  Jersey 

1  Mr.  E.  F.  Cogswell 

Electrical  Power  Branch 
Engineering  RAD  Laboratory 
Fort  Belvoir,  Virginia 

Navjr 

1  Mr.  P.  Cole 

Naval  Ordnance  Laboratory  (Code  WB) 
Silver  Spring,  Maryland 

1  Mr.  W.  H.  Pox 

Office  of  Naval  Research  (Code  k25) 
Department  of  the  Navy 
Washington  2$,  D.  C. 


1  AFCRL  (CRZK,  Mr.  Doherty) 

L.  G.  Kan scorn  Fid. 

Bedford,  Massachusetts 

1  SSD  (SSTRE  MaJ.  W.  J.  Iller) 

AF  Unit  Post  Office 

Los  Angeles  h5»  California 

10  DDC 

Arlington  Kail  Sta 
Arlington  12,  Virginia 

National  Aeronautics  and  Space  Ada. 

1  NASA 

Attn:  Mr.  Walter  Scott 
1512  H  Street,  NV 
Washington  23,  D.C. 

1  NASA 

Lewis  Research  Center 
Attn:  Dr.  Louis  Rosenblum 
21000  Brook park  Road 
Cleveland  35,  Ohio 

1  NASA 

Marshall  Space  Flight  Center 
Attn:  M-G  A  C-EC,M r.  E.  H.  Cagle 
Building  4437 -Guidance  A  Control 
Huntsville,  Alabama 

1  NASA 

Goddard  Space  Flight  Center 
Attn:  Tom  Hennlgan 
Greenbelt,  Maryland 

Non-Government  Organizations  A  Individuals 

1  Rudlo  Corporation  of  America 

Semiconductor  A  Materials  Division 
Attn:  Dr.  Lozier 
Somerville,  New  Jersey 

1  Gulton  Industries,  Inc. 

Alkaline  Battery  Division 
Attn:  Dr.  Shair 
212  Durham  Avenue 
Mstuchen,  New  Jersey 


►q’flCTFWMIftfrWf’  I  (Cotlmwd) 

fia 

1  Or.  T.  P.  Dirks* 

Departnent  of  Chwlitry 
Calvin  College  * 

Ornad  Rapid*,  Niehifan 

1  Delco-Reay  Di vision 

General  Motor*  Corporation 
Attn:  Or.  Z,  J.  Lander 
Andorson,  Indiana 

1  J  P.  R.  Mallory  and  Coapany 
Attn:  Mr.  R.  E.  Ralston 
3029  East  Washington  Strast 
Indianapolis  6,  Indiana 

1  Dr.  Arthur  Fleischer 

466  South  Center  Street 
Orange,  New  Jersey 

1  Inland  Testing  Laboratories 
Div.  Cook  Electric  Company 
1452  Stanley  Avenue 
Dayton,  Ohio 
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